Few studies of sexual segregation in ruminants have tested widely invoked mechanisms of segregation in mixed-sex groups. In a sexually segregated population of Roosevelt elk (Cervus elaphus roosevelti), we examined if adult males had reduced intake of forage when in mixed-sex groups and if intersexual differences in aggression caused females to avoid males. Based on a mechanistic model of forage intake, animals with lower instantaneous feed intake should have higher cropping rates. Focal animal sampling indicated that adult males and females in summer and winter had similar cropping rates in mixed-sex groups, whereas males in male-only groups had lower rates of cropping than males in mixed-sex groups. Outside the mating season, males in male groups spent proportionally less time Յ1 body length of congenders than females in female groups, and the rate of aggression Յ1 body length was higher for males. Female-female aggression was higher in mixed-sex groups that contained more males than the median proportion of males in mixed-sex groups. Female and mixed-sex groups walked away when groups of males numbering Ͼ6 were Յ50 m but did not walk away when male groups Յ50 m had Յ5 individuals. Sexual segregation was associated with behaviors of sexes in mixed-sex groups: reduced intake of forage by males and increased female-female aggression with more males.
Sexual segregation, the differential use of space by the sexes, is ubiquitous among polygynous ruminants. Yet there is little consensus about its cause and function in the evolution of ruminant social behavior. The most widely considered hypotheses to explain sexual segregation are founded in intersexual differences in reproductive strategies, sexual size dimorphism (body size), and social behavior (Main et al. 1996; Miquelle et al. 1992; Ruckstuhl and Neuhaus 2000) . Each hypothesis offers Ն1 mechanism to account for why individuals of each sex do not coexist for long periods of time * Correspondent: fww1@axe.humboldt.edu in mixed-sex groups. The reproductive strategies hypothesis assumes that the smaller female is more vulnerable to predation particularly when caring for young (Bleich et al. 1997; Kie and Bowyer 1999; Kohlmann et al. 1996) . Females perceive their increased vulnerability to predators in habitats of higher predator pressure and may forage inefficiently (Berger 1991; Kotler et al. 1994) . Consequently, females may not forage with males in habitats where feed may be abundant yet risks from predators high (Bleich et al. 1997) . The bodysize hypothesis considers the higher absolute but lower mass-specific metabolic needs of males. Males may not forage with females because of resource depression resulting from heavy use by more numerous females, from feeding inefficiencies caused by ineffective use of digestive capabilities, or because of asynchronies in activities that impede resource acquisition (Barboza and Bowyer 2000; Ginnett and Demment 1997; Gross et al. 1996; Ruckstuhl 1998) . From a social-behavior perspective, male-male competition is more intense than femalefemale competition (McCullough 1979) . Therefore, males should associate with other males to improve or retain dominance status (McCullough 1979) . A consequence of this behavior is that females may leave mixed-sex groups if male-male competition reduces cohesion among females (Bon 1991; Weckerly 1999) .
Tests of mechanisms accounting for segregation when males and females are together in groups are scant. Ginnett and Demment (1997) showed that male and female Masai giraffe (Giraffa camelopardalis tippelskirchi) coexisted when foraging in mixed-sex groups because body-size effects on selection of browse were linked to using different vertical strata of vegetation. The reproductive strategies hypothesis also helped explain why females with young occurred in more open types of habitat where risks from predators were lower (Ginnett and Demment 1999) . In mixed-sex groups of red deer (C. elaphus), intersexual synchrony of activity was lower compared with synchrony within each sex (Conradt 1998) . Conradt (1998) also reported that synchrony of activity among individuals of each sex was higher when in single than mixedsex groups.
We measured feeding and aggressive behaviors of male and female Roosevelt elk in single-and mixed-sex groups to test mechanisms from the body-size and socialbehavior hypotheses. We chose those 2 hypotheses because of our initial observations of the study population. The population was at high density, both sexes used meadows most frequently (Ͼ55% of time) yet intersexual partitioning of meadows occurred, and vulnerability from natural predators was probably minimal when elk inhabited meadows (Weckerly 1996 (Weckerly , 1998 . The population may have been food limited, and, consequently, males with their higher absolute metabolic needs may have been more affected than females (Weckerly 1999) . Moreover, behavioral avoidance also might be involved because resource partitioning between sexes occurred within meadows (McCullough et al. 1989; Weckerly 1998) .
The mechanism of the body-size hypothesis we tested was whether males in mixedsex groups were affected to a greater degree by resource depression than females in mixed-sex groups or males in male-only groups. Assuming plant density in meadows is high enough so that rate of encountering forage is not limiting feed ingestion (Wickstrom et al. 1984) , there is an inverse, linear relationship between cropping rate and intake rate because cropping and processing forage are competitive processes (Spalinger and Hobbs 1992) . If males have reduced intake of feed when in mixed-sex groups, they should have a faster cropping rate than females or males in male-only groups.
A mechanism of the social-behavior hypothesis we tested was whether male-male aggression impedes cohesion among females. Given that aggression plays a large role in the reproductive success of males and that females are subordinate to adult males, the dynamics of how males conduct aggression may cause female-female aggression to increase and, consequently, females to avoid males (Appleby 1983; Byers 1997; Clutton-Brock et al. 1982) . It has been speculated that groups composed of male cervids have large spacing distances among individuals to reduce aggression when foraging (Clutton-Brock et al. 1982; Marchinton and Hirth 1984) . Closeness among males may signal a threat or lack of submission (Bowyer 1976; McCullough 1969) . If a male or group of males mixes with a group of females, aggression among females may increase because females in-advertently get near more dominant females while avoiding males with their aggressive inclinations when close. Therefore, the following predictions were tested: greater proportion of males will be separated by Ͼ1 body length in male groups than will be found for females in female groups, rates of interindividual aggression of animals separated by Ͻ1 body length will be greater between males than females, female-female aggression will increase with the proportion of males in a group and, female groups will avoid male groups.
MATERIALS AND METHODS
Study area.-We studied Roosevelt elk in the western part of Redwood National and State Parks, California (41Њ20ЈN, 124Њ2ЈW). Climate was maritime with wet winters and cool summers. Annual precipitation averaged 185 cm (Harper et al. 1967) . Habitats included riparian areas along watercourses, meadows, and redwood (Sequioa sempervirens)-conifer forests. Meadows of 5-100 ha were dispersed along riparian and upland areas. Ubiquitous species of trees included coastal redwood, fir (Abies), Douglas fir (Pseudotsuga menziesii), and red alder (Alnus rubra). Perennial and annual grasses such as California oat grass (Danthonia californica), soft chess (Bromus hordeaceus), redtop (Agrostis alba), and bracken ferns (Pteridium sp.) dominated meadows. Population density of elk was estimated at 15-21 elk/km 2 (Weckerly 1996) . Natural predators of elk in the park included black bear (Ursus americanus), coyotes (Canis latrans), bobcat (Lynx rufus), and mountain lions (Puma concolor-Weckerly 1998).
Group definitions.-A group was Ն2 individuals Յ50 m of each other displaying coordinated activity (Weckerly 1999) . Mixed-sex groups had Ն1 adult male and Ն1 female. A male group contained adult males only, and a female group contained adult females, juveniles, and subadult males. We never observed adult females not accompanied by either juveniles or subadult males in this population, and occurrence of juveniles and subadult males by themselves was Ͻ1% (Weckerly 1998) .
Cropping rate.-Elk foraging in meadows were observed through a 25ϫ spotting scope from 25 to 300 m in winter (February-March) and summer (August-early September). In August and early September, quality of the vegetation in meadows was lower than at other times of the year because of higher amounts of neutral and acid detergent fiber and lignin in plants (Conroy 1987) . In February and March, meadow vegetation was probably of higher quality, but the abundance was low (Conroy 1987) .
We randomly selected adults that were in clear view for observation. Adult males had antlers with Ն1 brow tine that typically were cast before yearling males. Adult females were differentiated from juveniles by body size (McCullough 1969) . No more than 3 elk were sampled in 1 group each day. Each foraging observation lasted 6-10 min and was terminated if an elk stopped feeding for Ͼ1 min (Weckerly 1994) . Proportion of time that the head was in the feeding position (HFP), number of bites taken, and whether the group was male or mixed sex were recorded during each observation of foraging. We did not try to directly measure bite size of grazing elk because we could not do so reliably (Gross et al. 1993; Wilmshurst et al. 1995) . The HFP was when the animal's head was below its dorsal plane (Weckerly 1994) . We assumed animals were actively feeding or searching for food when the head was below the dorsal plane. The HFP was calculated as the proportion of time during the observation when the head was in the feeding position. Cropping rate was the number of bites divided by HFP.
Because Ͼ80% of elk could not be identified as individuals, and 3 of the 7 groups sampled were done so more than once, it is likely that some data represent multiple observations of the same individual. To evaluate violation of the assumption of independence, we conducted a separate study where 10-11 foraging observations/ individual were obtained from 3 known females over 55 days from late March to May (Leger and Didrichsons 1994) . We then conducted a runs test on the residuals (Draper and Smith 1998) from a regression with cropping rate as the dependent variable and explanatory variables of day since the start of data collection and whether the individual foraged in meadows or along roadsides (S-PLUS 4 1997). The latter explanatory variable was coded as a dummy variable. From late March to May, those 2 explanatory variables had significant influence on cropping rate (P Ͻ 0.05) because meadow vegetation was growing rapidly and sward height was short along roadsides as a result of mowing.
A type III sum-of-squares, 2-factor analysis of variance (ANOVA) was used to detect differences in cropping rate between males and females in mixed-sex groups in summer and winter and between adult males in mixed-sex or male-only groups in summer and winter (Glantz and Slinker 1990) . Sample sizes of observations by season and social grouping were small (n ϭ 7-25). We therefore performed 2-factor ANO-VA using bootstrap and jackknife methodologies if no 2nd-order interaction was detected in the original ANOVA (S-PLUS 4 1997). After obtaining 1,000 bootstrapped samples from each season and sex-social grouping, we used the jackknife method to identify extreme observations. Analyses of variance were conducted again with the bootstrap approach but minus the extreme observations. Test statistics for main effects were computed as estimated regression coefficients/standard error (SE) of coefficients, and probability values were determined by comparing how extreme the test-statistic value was to the test-statistic values generated from the bootstrapped samples. Because there was little multicollinearity (variance inflation factors Ͻ2), regression coefficients were appropriate test statistics (Glantz and Slinker 1990) .
We estimated forage intake using the mechanistic model of Spalinger and Hobbs (1992) , including likely differences between sexes in processing capabilities of forage (Ginnett and Demment 1997) , to assess how likely it was that similarities or differences in cropping rates reflect ingestive behavior. In patches with spatially concentrated food, forage intake (Gross et al. 1993) was predicted by
where R max was processing capability, S was bite size, H was handling time, and I was forage intake in grams dry matter per minute. Because I was the product of cropping rate (CR) and S, that equation can be rearranged to estimate I using CR:
max R max for each sex was obtained from Shipley et al. (1994) . We assumed that H was similar between the sexes (0.012) and that females and males weighed 272 and 340 kg, respectively (Bowyer 1976; Ginnett and Demment 1997; Kohlmann et al. 1999; Shipley et al. 1994 ). Mass of males was the midpoint between asymptotic female and male mass (409 kg) projected by Bowyer (1976) . We used 340 kg because most males that associated with females were smaller adult males, and it yielded more conservative estimates of intersexual differences in bite size because body mass was correlated positively to R max (Gross et al. 1993; Shipley et al. 1994) .
Aggression.-We observed free-ranging adult male and female elk for 10-20 min through a 15-45ϫ spotting scope when at distances of 40-300 m from June-July 1996 and October 1996-May 1997. Focal elk were selected randomly for observation from groups with at least one half the individuals active (not bedded). No more than 3 different elk were observed in 1 group each day. During observations, we recorded sex, group size, number of adult males and females, habitat type (meadow or forest), time focal individual was Յ1 body length of conspecifics, and number of aggressive interactions with different individuals. One body length was selected as a distance of closeness because we could identify it in the field. Aggressive interactions were described in Weckerly (1999 Weckerly ( :1381 , table 1) and were based on the accounts of Bowyer (1976) , Lieb (1973), and McCullough (1969) . Focal-animal sampling was conducted during 2 antler periods. The 1st period was from MarchJuly, when antlers were cast and a new set of antlers began growing (undeveloped). The 2nd period was from October to February, when antlers were hardened and developed yet outside the mating season. Rate of aggression Յ1 body length was the number of aggressive interactions in relation to minutes Յ1 body length (time Յ1 body length must be Ͼ0 to compute the rate).
We conducted a type III sum-of-squares, 3-factor analysis of covariance (ANCOVA) to assess differences in time focal animals in singlesex groups were Յ1 body length of others. The covariate was group size and factors were sex, habitat (meadow, forest), and antler period. Group size (number of all elk) was a necessary covariate because number of conspecifics may have influenced spacing distances and group sizes of males were typically smaller than those of females (Clutton-Brock et al. 1982; Weckerly 1998) . The assumption of equal slopes was validated for this analysis, and assumptions of homoscedasticity and normality were met by arcsine transforming proportion of time Յ1 body length (Glantz and Slinker 1990) . Intersexual differences in rate of aggression Յ1 body length were examined using a type III sum-of-squares, 3-factor ANOVA. Factors were sex, habitat, and antler period. A natural-log transformation of the response variable was used in the analysis to meet assumptions of homoscedasticity and normality. Group size was not included as a covariate in that analysis because group size was unrelated to time individuals were Յ1 body length of each other and to rate of aggression Յ1 body length (P Ͼ 0.2-Weckerly 1999). It was possible that some focal observations were repeated measurements of the same elk. Nonetheless, a previous analysis using sequential observations of known individuals indicated that each observation could be treated as an independent data point (Weckerly 1999) .
Intersexual differences in severity of aggression when in close proximity was assessed by computing the 95% confidence interval (CI) of the difference in proportions (Daniel 1995) of aggressions Յ1 body length involving scissor kicks and bites (Bowyer 1976; McCullough 1969) . Scissor kicks and bites were the types of aggression we observed that were most likely to cause physical injury. We observed no aggressive bouts among males involving antler clashes or sparring when antlers were undeveloped (n ϭ 53 focal observations). Therefore, the most direct comparison of severity in aggression for each sex was during that time.
To measure female-female aggression when adult males were more prevalent, we matched focal observations of females in female groups to females in mixed-sex groups where males comprised more than the median proportion (0.05, n ϭ 145) of the group. Observations that were collected in the same habitat and Յ3 weeks of each other were paired. If Ͼ1 pairing was possible (Ͼ1 possible data point or pairs), then data were selected at random without replacement. Only aggressive bouts between females were included. The differences between the 51 paired observations were used to create 1,000 bootstrapped replicates, each of size 51, and a 1-tailed test was conducted calculating the probability value as outlined previously (S-PLUS 4 1997). A 1-tailed test was used because we hypothesized that aggression among females was higher when the proportion of males in mixedsex groups was greater than the median (0.05).
To assess female avoidance of males, we examined movement by groups with females to male groups and spacing of males and females in mixed-sex groups. If females avoided males, we expected groups with females to walk away from male groups and in mixed-sex groups for females to be spaced closer to one another than males. We recorded movements of female and mixed-sex groups for 1.5 h after male groups were Յ50 m distant. The response variable for female groups was coded 1 if they moved and stayed away from male groups for Ն1.5 h or 0 if females in the group ostensibly appeared unaffected by males. A distance of 50 m was selected because individuals Յ50 m apart defined a group, and a time span of 1.5 h was chosen to ensure the response, or lack thereof to males, was evident in the group. We only collected data when a group was observed before it came Յ50 m of a group comprised of the contrasting type. We used logistic regression analysis to assess the relationship between size of male groups and movement of females (Glantz and Slinker 1990) . Solitary males were included in that analysis. In mixed-sex groups, we recorded the proportion of the time focal females were Յ1 body length of females and adult males and the proportion of the group that was composed of females and males. We then computed CIs of the difference between proportions (Daniel 1995) . One CI was the difference between proportion of time Յ1 body length of females and proportion of group comprised of females, and the other CI was the difference between proportion of time Յ1 body length of males and proportion of group composed of males.
RESULTS
Cropping rate.-Each foraging observation was treated as an independent data point. With sequential data collected from 3 females, number of days since March 21 and whether the female foraged in meadows or along roadsides explained a significant and substantial amount of variability in cropping rate (F ϭ 33.74, d.f. ϭ 1, 29, P Ͻ 0.01, R 2 ϭ 0.68). There was little indication that sequential observation of the same individuals violated the assumption of independence because the runs tests were nonsignificant for each individual (P Ͼ 0.10, n ϭ 10, 11).
Feeding in meadows, cropping rates of adults in mixed-sex groups were higher in winter than summer (F ϭ 6.6, d.f. ϭ 1, 52, P ϭ 0.01), but we detected no difference between the sexes (F ϭ 0.5, d.f. ϭ 1, 52, P ϭ 0.47; Fig. 1 ). Lack of intersexual differences in cropping rate was similar in both seasons because there was no interaction between season and sex (F ϭ 0.40, d.f. ϭ 1, 52, P ϭ 0.53). Results were similar when we performed a 2-factor ANOVA removing 4 extreme observations and bootstrapping those data; differences were detected between seasons (z ϭ 4.30, P Ͻ 0.01) but not between the sexes (z ϭ 0.43, P ϭ 0.67). We estimated that females in mixed-sex groups ingest 22.71 g dry matter of forage/min in summer and 19.63 g/min in winter. Males in mixed-sex groups were projected to ingest 27.00 g/min in summer and 21.81 g/ min in winter.
Adult males in mixed-sex groups had higher cropping rates than males in male groups when feeding in meadows (F ϭ 8.70, d.f. ϭ 1, 30, P Ͻ 0.01; Fig. 1 ). Although cropping rates of males differed between seasons (F ϭ 9.60, d.f. ϭ 1, 30, P Ͻ 0.01), differences in cropping rates for males in male and mixed-sex groups remained similar because we detected no season-by-social-group interaction (F ϭ 0.50, d.f. ϭ 1, 30, P ϭ 0.49). Taking out an extreme data point did not change results of the analysis. Differences in cropping rates were detected between males in the 2 social groups (z ϭ 3.40, P Ͻ 0.01) and between seasons (z ϭ 3.50, P Ͻ 0.01). Dry matter intake for males in mixed-sex groups was projected to be 27.00 g/min and 21.81 g/ min in summer and winter, respectively. Estimated intake rate of males in male groups were 30.38 g/min in summer and 26.94 g/ min in winter.
Aggression.-Adult females were closer together than males controlling for the confounding influence of group size (Table 1 ; Fig. 2) . However, the magnitude of intersexual differences varied because of a significant 3-way interaction between sex, habitat, and antler period. Females were closer together, and intersexual differences were most apparent when antlers on males were developed. Also, proportion of time Յ1 body length was less variable because of habitat or antler period for males than females. Rates of aggression Յ1 body TABLE 1.-Summaries of ANCOVA and ANOVA examining effects of sex, habitat (meadow, forested), and antler period (undeveloped, March-July, or developed, October-December) on the arcsine transformation of proportion of time a focal elk was Յ1 body length of a congender (P1BL) and ln transformation of rate of aggression Յ1 body length of congender (AG1BL); the covariate was group size in the analysis of the proportion of time a focal elk was Յ1 body length of a conspecific.
Source of variation

Degrees of freedom P1BL AG1BL
Mean squares P1BL AG1BL length of congenders were significantly higher for males than females, and the intersexual differences in aggression were consistent in meadow and forest habitats (Table 1 ; Fig. 2 ). Individuals of both sexes displayed higher rates of aggression in meadow than forest habitat. When antlers were undeveloped, the proportion of aggressive bouts Յ1 body length that involved bites and scissor kicks was 0.19 (n ϭ 53) for males and 0.05 for females (n ϭ 88). The proportion was significantly higher for males (95% CI of difference between 2 proportions, 0.02-0.26).
Compared with females in female groups, aggression was slightly higher among females in mixed-sex groups where males were more prevalent (mean difference, d ϭ 0.302, z ϭ 1.94, P ϭ 0.03). More females in mixed-sex groups did not influence that result because there were few differences in number of females in the 2 types of groups (d ϭ 3.0, t ϭ 1.2, d.f. ϭ 50, P ϭ 0.12). In mixed-sex groups, females were in closer proximity to one another (95% CI of difference between 2 proportions, 0.07-0.16, n ϭ 128) than they were to males (95% CI of difference between 2 proportions, Ϫ0.11 to Ϫ0.07, n ϭ 138). We detected a relationship between group size of males (X) and whether female and mixed-sex groups (Y) walked away or appeared unaffected by groups of males (Y ϭ 1/1 ϩ e Ϫ[Ϫ6.36ϩ1.38X] ; likelihood ratio test of slope, G 2 ϭ 10.21, P Ͻ 0.01). Female and mixed-sex groups were apparently unaffected by the approach or when approaching groups of males containing Յ5 individuals; however, females moved away from male groups Ͼ6.
DISCUSSION
Cropping rates of males in mixed-sex and male groups indicate that males have higher rates of forage intake in meadows when they are not associated with females. It is likely that our method of calculating forage intake underestimated the magnitude of the differences in forage ingestion of males in male-only and mixed-sex groups (Wilmshurst et al. 1995) . Intake rate increases more gradually with increasing biomass on natural swards than on simple, hand-constructed swards (Wilmshurst et al. 2000) . Consequently, the inverse linear relationship between cropping rate and rate of forage intake on natural swards is steeper than estimated on simple swards (Gross et al. 1993; Wilmshurst et al. 1995) . A steeper inverse linear relationship between crop-FIG. 2.-Mean adjusted proportion of time that A) focal females and males were Յ1 body length of congenders and B) mean rate of aggression Յ1 body length; proportion of time Յ1 body length was adjusted for group size; focal elk were measured in meadow and forest habitat and when antlers were undeveloped and developed; error bars represent 1 SE, and sample sizes are above error bars.
ping rate and forage intake also implies it is likely that our estimates of ingestion overestimated true rate of intake. Nonetheless, as long as cropping and processing forage are competing processes, we have evidence of lower intake of feed by males in mixed-sex groups (Ginnett and Demment 1997; Gross et al. 1993 ). This finding supports the contention that males avoided meadows or parts of meadows heavily used by females because of resource depression (Weckerly 1998) . The resource depression mechanism as an explanation for why males, which are dominant to females, used areas less frequented by females in meadows concurs with findings for a population of red deer in Scotland (Clutton-Brock et al. 1987) . It should be noted, however, that neither Clutton-Brock et al. (1987) nor we directly measured forage biomass. Our findings do not agree with a study of blacktailed deer (Odocoileus hemionus columbianus) that found similar cropping rates between sexes (Weckerly 1993) . Similar cropping rates for sexes found in that study may have been the result of not accounting for whether focal animals were in single-or mixed-sex groups, abundant resources, or the likely differences between sexes in processing capabilities of feed (Ginnett and Demment 1997; Shipley et al. 1994) .
The resource-depression mechanism does not offer insight into why female Roosevelt elk did not frequent meadows or parts of meadows used by males given that females were often no more than a 2-h walk from those areas and, also, that forage intake by males was higher (Weckerly 1998) . Analysis of social interactions between sexes provides a useful framework to explain this finding. Intrasexual social interactions should differ because of the greater role of aggression in reproductive success of males (Trivers 1972) . When aggression occurs among females, it happens quickly, involves little or no physical contact, and reinforces the existing dominance hierarchy (Rutberg 1983; Thouless and Guinness 1986; Weckerly 1999) . Females presumably maintain a stable social environment to ameliorate per capita risks of predation and resource acquisition. A higher rate of aggression by adult males Յ1 body length re-gardless of habitat occupied during much of the year and the larger spacing distances compared with females may indicate how males balance aggression with resource acquisition and vigilance for predators. A high dominance rank is correlated strongly to reproductive success in polygynous male ruminants, and dominance is achieved through aggression (Byers 1997; McCullough 1979; Trivers 1972) . Males may reduce interruptions when feeding or maintain a higher level of alertness for predators when they are dispersed in groups (Ն1 body length).
Differences between sexes in spacing and aggression may help explain why adult females and males in mixed-sex groups are separated. Consequences of being close in a group are probably greater when near males than when near females as indicated by the greater proportion of aggressive interactions involving physical contact during the time antlers were undeveloped on males. Add to that the subordinate status of females, and there is little that can be gained by females interacting aggressively with males (Clutton-Brock et al. 1982; McCullough 1969) .
To ameliorate social stability, females may be motivated to reduce levels of aggression by avoiding areas frequented by larger groups of males. Males entered and left female groups, not vice versa, because of the high degree of social bonding among females (Weckerly 1999) , and in 237 groups we observed with known females, there were no adult males in 93 of those groups. Females, because of subordinate status, may be unable to prevent males from entering the group. If 1 male or a small group of males enters a female group, females may do nothing, but females walk away if a group of males Ͼ5 attempts to enter. Females walk away because of increased female-female aggression due to inadvertently approaching a more unfamiliar or dominant female when avoiding males (Byers 1997; Rutberg 1983; Thouless and Guinness 1986) . In this population, aggression among females is already high, presumably because of reduced forage availability due to high density (Fournier and Festa-Bianchet 1995; Weckerly 1998 Weckerly , 1999 .
The implications of our study are 3-fold. First, we have demonstrated that femalefemale aggression increases with more males in mixed-sex groups. The increase in aggression may help explain why femalefemale synchrony in activity is lower in mixed-sex compared with female groups (Conradt 1998) .
Second, females can avoid males, as McCullough et al. (1989) suggested, but it is not done in a straightforward manner. Groups of females did not appear to alter movement unless there were larger groups of males. In our study, groups of males were large when Ͼ6. This finding may help explain a lack or small change in extent of sexual segregation when densities of sexes change or are altered experimentally (Clutton-Brock et al. 1987; Conradt et al. 1999; Kie and Bowyer 1999) . Not only may mechanisms of resource acquisition influence a lack of or slight response in extent of sexual segregation but social behavior may as well.
Third, as suggested by Main et al. (1996) and Ruckstuhl and Neuhaus (2000) , the social-behavior hypothesis by itself cannot account for evolution of sexual segregation in C. elaphus. Although intersexual differences in social dynamics are linked to male reproductive success, males and females have been shown to coexist in mixed-sex groups when individuals of each sex can fulfill their own nutritional needs, for example, when resources are abundant, when sexes have the opportunity to forage in different strata, and when intersexual size differences are less than average for ruminants (Bowyer 1984; Byers 1997; Ginnett and Demment 1997; Thirgood 1996; Young and Isbell 1991) . The extent of size differences between sexes of elk is above average compared with other ruminants. Over long periods of time, adult males probably cannot coexist in mixed-sex groups where all individuals forage in the same strata of vegetation because resource depression or body size effects on digestive efficiency affect males more than females (Barboza and Bowyer 2000; Clutton-Brock et al. 1982; McCullough 1979; Perez-Barbaria and Gordon 1999) . Consequently, the need for adult males and females to develop behaviors that foster coexistence is not paramount.
